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14a Sunday, February 26, 2012trafficking, and gating. Resolution of the isolated crystal structures of CaM asso-
ciated with peptide fragments from various ion channels has provided some in-
sight into ‘‘calmodulation.’’ Despite the large repository of these structures,
structural information about CaM bound to a fully folded ion channel in the
membrane is unknown. We determined the location and orientation of CaM
binding with respect to the KCNQ2/KCNQ3 (Q2/Q3) ion-conducting pathway
using distance restraints from a panel of intracellular tethered blockers.
Molecular dynamics simulations of the Q2/Q3-CaM complex position CaM
strikingly close to the gate of Q2/Q3. The structure of the Q2/Q3-CaM complex
and its implications for calcium-induced calmodulation will be discussed.
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Fluorescence based techniques have the distinct advantage of being able to op-
tically probe dynamic structural changes on a biologically relevant timescale.
Here we describe the development and application of a novel approach to es-
timate molecular distances between two sites in a protein. Distance information
was inferred by measuring accessibility of a fluorescent tag on one site to a vari-
able length collisional quencher covalently affixed to a second site. The func-
tionalized variable length quenchers therefore act as ‘‘tape measures’’ which
can be utilized to obtain point-to-point distance information in the protein
structure. Our approach was calibrated using model polyproline peptide sub-
strates of variying lengths. We next tested the biological utility of our approach
in a protein of known structure, the Shaker potassium channel. Extracellular
sites [S1-S2 (T276); S3-S4 (M356); S5-S6 (E422)] within mobile components
of the channel were fluorescently labeled. The distance of the fluorophore at
these positions relative to the central pore was estimated by using a series of
compounds containing a nitroxide radical separated from a tetraethylammo-
niummoiety (TEA) by variable length PEG spacers. Armed with this potassium
channel-specific tape measure, cut-open voltage-clamp fluorimetry was utilized
to obtain molecular distance estimates of the closed and open channel. We ob-
served that fluorescence-quenching of labeled residues was tightly correlated
with the length of the PEG spacer and the respective distance between the
TEA binding site and fluorophore attachment site. The distances estimated
from our measurements provide constraints for generating structural models
of the closed channel and may prove useful in mapping sub-nanometer distance
changes in the protein structure.
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KCNQ1 a-subunits assemble with KCNE1 forming the slow cardiac potassium
channel IKs. KCNE1 alters currents of a-subunits by slowing activation and de-
activation kinetics, suppressing inactivation, and increasing single-channel
conductance. Attempts to elucidate the mechanism of KCNE1-induced slowing
of kinetics have come to discrepant conclusions. Two studies using chemical
modifiers and cys-substitution in the KCNQ1 S4 supported one model where
KCNE1 acts on voltage-sensors alone and another where only the activation-
gate is affected. A fluorimetric study argued for effects on sensors and the
gate (Osteen et al, PNAS 2010). To address the controversy, we used cut-
open oocyte vaseline-gap clamp to record gating currents, ionic currents and
perform site-directed, voltage-clamp fluorimetry (VCF).
Gating currents show that voltage-sensor movement precedes pore opening in
channels with only KCNQ1 a-subunits. VCF confirms this result. While ionic
currents have a lag before activation, gating and fluorescence changes do not;
this indicates a final concerted step after voltage sensors move before pore
opening. In contrast, channels with KCNE1 show voltage-sensor movements
with no lag that are ~20-fold slower and mirror slowing of ionic current activa-
tion. These findings are unlike those made by Osteen et al. We used a smaller
dye inserted closer to S4 and measured ionic current and fluorescence simulta-
neously in the same cells. We observe a matching and expected shift in the IKs
fluorescence-voltage and ionic current-voltage relationships of þ50 mV with
KCNE1 and do not see voltage-sensor movements at hyperpolarized voltages
as they report.
Both KCNQ1 and IKs channels have voltage-sensor kinetics almost as slow as
ionic activation. Our simultaneous kinetic recordings of fluorescence and ioniccurrents support a model in which IKs channels are slowed purely by an effect of
KCNE1 on the KCNQ1 voltage sensors. Support: HL105949 and GM030376.
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The hERG-encoded Kþ current, IKr is essential for repolarization of the cardiac
action potential but also a source of cardiotoxicity. Unintended HERG inhibi-
tion by diverse pharmaceutical agents can cause the acquired Long QT Syn-
drome (aLQTS) with ventricular arrhythmias and sudden cardiac death. As
such, hERG inhibition represents one of the major reasons for adverse drug
events and drug withdrawal from the U.S. market. Indeed, the FDA requires
testing of all new drugs for hERG-related pro-arrhythmic potential. Using
a high-throughput assay, we screened a library of compounds for agents that
increase the IC70 of dofetilide, a well-characterized hERG blocker (PubChem
AID1511). One compound (VU0405601), with the desired activity was further
characterized using whole-cell patch clamp in stably hERG-expressing HEK
cells and found to be a hERG agonist on its own with an EC50 around
11.6 mM. In isolated, Langendorff-perfused rabbit hearts, dofetilide-induced
arrhythmias, as well as the spatial dispersion of action potential duration and
alternans were reduced following pre-treatment with 50 mM VU0405601. In
heterologous hERG-HEK cells, dofetilide block of IKr develops gradually,
with continuous pulsing. VU0405601 protects hERG from dofetilide inhibition
by increasing the IC50 of dofetilide from 38.7 nM in the absence to 76.3 nM in
the presence of VU0405601. Investigation of structure activity relationships
surrounding VU0405601 revealed three key structural components: a 3-pyridyl
amine moiety, an a-amidoether and a 2-substituted naphthyridine structure
(substituted with either halogen or methyl) that are important for protection
from dofetilide inhibition. Development of a small molecule that could be
co-administered to decrease the risk of arrhythmias in response to HERG inhib-
itors would improve public health and greatly facilitate the drug discovery
process.Platform: DNA Replication, Recombination, and
Repair
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Cells rely on sophisticated DNA repair mechanisms to maintain integrity of
a genome that is under constant attack by mutagenic chemicals, ionizing radi-
ation, or UV light. Single-molecule fluorescence microscopy allows, for the
first time, direct observation of DNA repair in living bacteria. This in vivo
approach enables a quantitative description of the chain of events within an
entire repair pathway, studying control, timing, and coordination during the
initial damage response, the search for damaged sites, and the repair protein
function.
Using photoactivation, super-resolution localization, and tracking we follow
the movement of individual molecules of DNA Polymerase I, a protein essen-
tial for DNA repair synthesis and lagging strand replication in E.coli. Consis-
tent with early reports, we measure 300 copies of Pol1 per cell; the molecules
have a spatial distribution reflecting that of the bacterial chromosome. In cells
without DNA damage, most Pol1 molecules move with an apparent diffusion
coefficient of 1.75 um2/s, consistent with simulations of unhindered Brownian
motion within a cell. We observe significant displacement of Pol1 molecules
between consecutive 15-ms frames, setting an upper limit on the DNA resi-
dence time in a facilitated diffusion model that combines 1-D diffusion on
DNA with a 3-D random walk in the cytoplasm.
In contrast, in cells with DNA damage by mutagen methyl-methanesulfonate
(MMS), we clearly observe stationary Pol1 molecules, and individual tracks
showing binding and dissociation events; the fraction of bound-to-free Pol1
scales with the damage extent. These observations suggest that stationary
Pol1 molecules are performing repair synthesis to fill short single-stranded
DNA gaps created by the base excision repair (BER) machinery. Current
work focuses on the real-time DNA damage response as a function of protein
concentration and binding activity, and examining additional repair proteins to
build a comprehensive model of the BER pathway in vivo.
